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Tha  causa t Ira  agents  of  putraf action  that  occur  during  canning 
of  foods  tuff  a  and  are  subjected  to  a  thermal  aterllisatlon  ara 
most  of  tan  aora  tharaoatabila  than  thosa  of  Cl.  botullnua,  thus 
tha  ataril ltatlon  procedures  calculated  to  daatroy  these  agents 
will  also  guarantee  a  destruction  of  Cl.  botullnua  spores. 

Nevertheless  ,lt  is  essential  to  have  a  thorough  knowledge  of 
the  factors  that  determine  a  possibility  of  tha  sporeo'  germination, 
also  of  the  development  of  botulism  culture  in  canned  foods  and  in 
nutrient  media  at  laboratories. 

Thera  is  a  very  long  Hat  of  products,  which  having  developed 
Cl.  botullnua,  served  for  a  while  aa  a  source  of  botulism  disease;  p 
this  has  been  exposed  in  tbs  course  of  numerous  research  analyses. 

j 

Many  investigators  have  determined  that  botulism  spores  can  de¬ 
velop  under  specific  conditions  almost  in  all  types  of  canned  food* 

such  as  aeata,  fishes,  vegetables  and  evsn  in  some  fruits;  some-  j 

t 

times,  the  development  of  botulism  culture  and  its  production  of  L 
toxin  may  proceed  without  any  apparent  changes  in  the  organoleptic 
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aspects  of  •  product. 

In  aost  eases  changes  in  the  organoleptic  aspects  of  oanned 
foods  are  only  slightly  developed ,  If  eonditlons  ora  lass  aultebli 
for  the  fans  last  ion  of  bo  toll  an  culture .  Tory  significant  in  this 
respect  ora  the  result*  obtoinad  by  GH3XHBE&G ,  I.A.  at  ol.  (1), 
alto  •  Main  ad  the  affaets  of  tobla  aolt  on  tha  forootion  of  toxin 
and  organoleptic  change*  in  connad  aoltad  oaota  { aaa  Tobla  1). 


HfcliJ. 
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C  one an- 

Cenoan- 

1 - 

Quantities 

Quantities 
of  epeoi« 
aana  in 
which  the 
toxin  waa 

troticn  of 
hr  La  a  in  % 

troticn  (  in 
aaot)  of 

1  laCl  in  * 

!  of  ax- 
aained 
i  apaci- 

Organoleptic  indicants 

of  aaat 

i  nans 

detected 

3.00 

2.1 

20 

19  1 

3.0? 

2  2 

20 

•4 

Spoiled  aaat,  aoft 

tiaauas,  strong  odor 

5.H 

3.5 

20 

14  J 

e.2*i 

4.3 

118 

94 

Soft  tissues 

6.2* 

4.3 

14 

9 

Soft  tissues  without 

putrefactive  or  oheesy 
odor 

6.25 

4.3 

6 

3 

Firm  tissuaa .apparent 
alight  spoilage 

7.09 

5.1 

97 

7.12 

5.8 

104 

M  / 

8.95 

6.4 

103 

°  I 

Soraal  test-pieces 

11 .49 

7.5 

102 

0  J 

It  U  obvoius  froo  Tobla  1  that  incraosad  concentration  of 
tobla  aolt  reduces  tha  nun bar  of  apaelaana  ahoaa  production  of 
toxin  is  combined  with  tha  appearance  of  visible  putrefaction  in 

oaot. 


Our  axaalaotiona  olao  revealed  that,  aith  tha  developaent  of 
01.  botolinsa  in  seas  hoaogenlsed  (for  infants)  ▼agatoblao/  pocked 
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In  ncuuj  tin  o ana,  (U  protuberances  have  not  always  devslopsd 
notiossfcly  in  storage. 

There  it  an  opinion  that  most  of  the  Boropean  e  t  r* Ins  of  Cl. 
botullnua  type  B  belong  to  nonproteolytio  cult ux« •  and  ttosy  cause 
a  putrefaction  in  products  which  la  not  always  distinctly  expressed. 

The  botullsa  aicrobe  aay  be  detected  in  aany  cans  that  were 
procesaed  on  a  certain  date.  Such  was  the  case  with  leek  lettuce 
processed  in  Italy  and  sold  in  the  USA.  I t  is  also  possible  that 
only  soae  cans  aay  contain  botullsa  culture  out  of  aany  Billions 
of  oans  of  the  saaa  product  that  were  processed  on  various  dates. 

The  aost  frequent  are  instance* .where  in  aillione  of  cans,  spsoi- 
aens  are  found  that  contain  both,  the  culture  and  the  toxin  of 
botullsa.  Our  experience  proved  that  the  presence  of  botullsa 
spores  together  with  vestigial  aicroflora  of  canned  foods  aay  be 
v*«eew  r.  Imperfections  or  by  tapairaente  in  the  production  tech- 
-r  k  y  er  r  i  cental  c  ;  reuse  tances  ,  the  oauee  of  which  can 
■tut  always  be  explained  ultimately. 

Ihs  detection  of  botuliea  aicrobe  eporee ,  th.'.t  still  remain 
in  e  product  after  thermal  process ing , presents  familiar  diffi¬ 
culties.  One  characteristic  aspect  of  Cl.  botullnua  spores  is  a 
condition  of  dormancy ,wnlcb  can  last  up  to  5  years.  According  to 
H  .HIIkLAHH  (2),  Cl.  botullnua  spores  of  tha  asms  auspsnsion  aay 
lntargrow  and  vlsloly  davslop  at  randoa  ir.  dlssiailar  madia  (Sable 
2)  . 

I«  detsrainsd  a  quantity  of  sports  aftar  identical  Inoculation 
into  a  liquid  aadlua  for  cultivation  of  aicroorganlaaa  and  than 
wa  compared  this  with  alike  procedure,  except  we  used  the  agar 
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tediua  is  counting  of  colon  lass;  «•  dlscorered  that,  with  a  pro¬ 
longed  storage  under  thermostatic  control,  a  considerably  greater 
Boater  of  wimble  spores  oould  b<  datactsd  la  a  liquid  awdiua. 


tSfrl*  ? 


Cultur*  awdiua 

Pork  broth  . 

Casals  aadiua  a  yaaat  autolysate 
Skiwswd  ailk  a  1*  paptosa  . 


Quantities  of  inter* 
grown  aporas  after 
ICO  days  in  storage 
under  theraostatio 

control 

12x10° 

llxlO6 

36x106 


T iae  required 
( in  days)  for 
in  twrgr  owing 
of  50*  of 
sporws 

3.4 

20 

35 


A  da  taction  and  oountlng  of  aporaa  that  aura Its d  a  heating 
process  is  sspsolally  aorw  difficult,  if  procssslng  involved  an 
lntsnsifisd  heating.  A  aadiua  suitable  for  counting  of  nonhsatsd 
spores  aay  not  bs  suitable  for  counting  of  heated  spores.  According 
t.  the  intensity  of  theraal  processing,  hsatsd  spores  become  aore 
sensitive  to  the  presence  of  regenerators  In  a  aadiua,  to  its 
active  acidity  and  to  the  incubation  temperature  of  inoculations. 

At  present,  it  is  ooneiCored  as  generally  acknowledged  that, 
for  the  devalopaent  of  anaerobes,  and  that  of  Cl.  botulinua  as 
well,  not  the  absence  of  oxygen  is  one  eeeential  condition,  but  a 
low  rwdox  potential:  *h.  the  oxidation-reduction  potential  ia 
combined  with  the  pfl  of  a  awdiua  according  to  this  formula: 

“i  -  «*8n  *  *>*  • 

where  rfl2  ia  the  degree  of  aerobic  (or  anaerobic)  condition  in  a 
awdiua. 

Tha  aost  aerobic  conditions  expressed  are  of  the  magnitude: 


rHj  »  42. 5j  the  aoe  t  anaerobic  condition#  art  i  rHj  ■  0.  Tha  rtf-, 
value  in  a  aadiua  ia  datarainad  on  aocount  of  the  praaanoa  therein 
of  reversible  oxidation-reduction  paira,  alao  irreversible  reducing 
agenta  and  tha  aotion  of  fraa  oxygen.  Tor  tha  lntargrowth  of  Cl. 
botulinua  aporaa  a  aadiua  abould  have  rH 2  no  higher  than  14. 

Tha  intergrowth  of  aporaa,  division  of  calla  and  production 
of  toxin  In  Cl.  botulinua  culture  art  coabinad  aith  tha  aedlua’i 
pH.  A  alniaal  pH  value  that  enables  tha  growth  of  Cl.  botulinua 
cultura  changes  conaidarably  according  to  tha  atrain  and  tha  aadiua 
aa  auch.  Tha  lowest  pH  value  that  paraita  growing  of  Cl.  botulinua 
ia  4.8.  In  analysing  a  caaa  of  botullaa  sickness  that  was  caused 
by  produota  which  at  tha  intaka  tins  poaaaasad  tha  pH  lower  than 
4.5.  INGHAM  and  H  .H  .M .  ROBINuOS  (3)  cans  to  tha  conclusion  that 
a  high  active  acidity  appaarad  in  thaaa  products  aftar  production 
of  toxin  on  account  of  tha  development  of  ao  ld-f oraing  micro¬ 
organisms  which  accoapanlad  Cl.  botulinua. 

At  tha  saaa  tins,  K.I.  CHJLRTTAiCVA  (4)  astabllahad  a  posai- 
bility  of  tha  developaant  of  Cl.  botulinua  in  toaato  aauca  with 
active  acidity  above  4.5.  aftar  a  prior  develapaant  of  aicro- 
organiaaa  in  tha  aauca  that  alkalized  tha  aadiua.  Tha  optiaua  pH 
value  for  tha  growth  of  Cl.  botulinua  cultura  lias  batwaan  5.5 
and  7.0. 

Tha  actlTa  acidity  of  a  aadiua  was  accaptad  a a  one  of  tha 
factor*  on  tha  basis  of  which  R  .G  .  MATfaOZGVA  (5)  divided  all 
canned  foods  currently  produced  in  tha  UShS  into  three  groups 
with  respect  to  a  possibility  of  tha  botulism  cultura  davalopaant 
in  tha  a  i 


1.  Canned  uiti,  fish  sad  natural  vegetables,  with  ths  pB 
between  5.2  sad  6.5,  in  which  s  development  of  Cl.  botulinua 
occurs  promptly; 

2.  Csaasd  foods  { basic all/  vegetable  snacks) ,  with  tha  pH 
between  4.6  sad  5.2 ,  la  which  Cl.  botulinua  develops  irregularly, 
sad 

J.  Stewed  fruits,  tosato  products  and  marinades  in  which 
Cl.  botulinua  doas  not  develop. 

A  tsaporaturw  is  ons  of  ths  bsaie  faotora  which  determine 
ths  intergrowth  of  sports,  division  of  calls  and  production  of 
toxin  in  Cl.  botuliaua  culture.  A  such  higher  Incubation  t caper- 
atura  is  required  for  tha  intergrowth  of  sports  than  for  the  growth 
sad  division  of  vsgstatlvs  oslls.  Thus,  s  production  of  toxin  at 
20 °C  procssds  independently  of  tha  condition  whether  s  aadlua  was 
inoculated  with  washed-eff  oslls  or  sports)  vsgstatlva  calle  may 
grow  eo,d  divide  at  1 5°C|  however,  washed -off  spores  usually  seldom 
intergrow.  The  top  temperature  limit  for  the  intergrowth  of  spores 
is  42 . 5°C  . 

The  temperature  limitations  for  breeding  and  divieion  of 
cells  are  wider  than  the  temperature  limits  for  the  intergrowth 
of  spores;  the  former  range  between  10  and  4@°C .  The  rate  of  the 
division  of  cells,  the  eutolysie  of  culture  and  the  synthesis  of 
toxin,  all  are  subject  to  change  according  to  changes  in  the  incu¬ 
bation  temperature.  P  .7 .  B03YS3TXS  and  L.L.  XSUP3  (6)  stated  that 
the  maximum  growth  of  the  culture ,  also  of  the  autolye  is  of  cells 
snd  of  ths  synthesis  of  toxin  wars  observed  between  26  and  40°C 
(aae  figures  1  and  2).  The  rate  of  the  growth  advanced  with  the 


increased  teaperature,  although  tne  aaount  of  produo  ad  toxin  ra- 


a  ■  optical  danaltyj  b  ■  duration  of  storage  under  thermostatio 
control  (  in  houra) . 

Figure  1  -  Depandancy  curwaa  of  the  growth  of  Cl.  botulinum  with 
relation  to  the  incubation  teaperaturei  1  -  37°Cj  2  - 
35^*  3  -  28°b|  4  -  24°C;  5  -  48°Cj  6  -  1C  to  18°C. 


a  •  ainiaal  lethal  doee  par  1  j*i,  b  -  duration  of  storage  under 
tharaoetatic  control  (  in  hours,  . 

figure  2  -  Dependency  currae  cf  the  production  of  Cl.  botulinua 

toxin  with  relation  to  the  incubation  teoparatura:  1  - 
37°C;  2  -  35°Cj  3  *  24°C;  4  -  10  to  18°Cj  5  -  48°C . 

aainad  tha  a  ana.  Tha  aaxiaua  taaparaturs  at  which  wa  obaarrad  the 
growth  of  tha  oulture  waa  4<°C  ,  but,  at  tha  aaaa  tiaa,  no  incraaea 


in  tra  toxicity  of  substratum  was  noted.  this  temperature ,  the 
diviff> ion  of  vegetative  celle  continued,  out  the  synthesis  of  toxin 
declined  *  Obviously,  the  toxin  that  was  brought  along  with  a  culture 
and  it  wee  subsequently  liberated,  inactivated  itself  gradually  by 
way  of  dena turisat ion.  We  noticed  a  growth  of  culture  and  synthssie 
of  toxin  at  temperatures  between  10  and  18°C,  Since  the  toxin  re¬ 
main#*  arable  at  these  temperatures,  a  prolonged  incubation  is  the 
oaust  of  increase  in  the  toxicity  of  eu>stratua, 

ubstances  may  exist  in  canned  foods  and  In  nutrient  media 
at  labor* toriee,  which  Inhibit  the  growth  of  botulism  spores, 
namely t  dissolved  tin,  fatty  so ids  and  phy tone  idee.  The  effect ive- 
msae  of  the  bacterloetr  tic  action  of  v ir.  has  been  linked  with 
certain  typai  of  canned  produota  and  with  the  concentration  of 
dissolved  tin. 

The  suppression  of  the  intergrowtn  of  21,  botullnum  culture 
under  tne  effects  of  tin  has  been  observed  m  experiments  with 
carrots,  beet  J  and  pod  beano;  no  such  effect  was  observed  in  ex¬ 
periments  with  asparagus,  cabbage,  potatoes  and  turnips. 

Many  investigators  determined  that  some  fatty  acids,  particu¬ 
lar!?  those  in  a  state  of  the  oxidising  putrefaction,  e.g.  un~ 
aaturated  (Q.OIjC  oleic,  llnoleic  and  iicoienle  acids)  may  inhibit 
tbs  intergrevth  of  ■ pc ret  of  Cl.  botullnum  and  division  of  celle. 

fatty  acids  strongly  suppress  spores  and  w«»!i  vegetative 
cells.  In  a  compound  medium  may  occur  fatty  acids  or  their  salts 
in  a  dissolved  stats  in  such  quantities,  whioh  will  exert  their 
effect  on  a  quantity  of  lntsrgrown  spore®.  Consequently,  in  re- 
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search  experiment*,  e.g.  in  inxee  iigatlone  of  the  thermos  tab.' lity 
of  aporea,  one  must  take  into  account  the  influences  of  fatty 
aoids  in  a  medium.  If  it  becoaes  necessary  to  eliminate  theae 
effects,  it  is  proposed  that  of  starch  be  added  as  on  in¬ 

hibitor  to  the  nutrient  aediA. 


a  ■  Kona  ter ilisedt  b  ■  sterilized;  c  •  legend;  d  ■  Cl.  betulinua 
aporea  not  detected;  c  ■  detected  not  intergrown  spores  of  Cl. 
botulinua;  f  ■  deteoted  lntergrovn  spores  and  Cl.  botulinua  toxin, 

Figure  3  -  Graph  symbolizing  heating  effeote  on  the  intergrowth 
of  Cl.  botulinua  eporee  (pH  5.5;  50,000  spores  per 
1  gm  of  product)  in  canned  beef  borsch:  1  -  without 
heating  ( control) ;  2  •  heating  at  110°C  for  5  minutes; 
3  -  heating  at  120°C  i or  2  minutes;  4  -  heating  at 
125°C  for  1  minute. 

In  a  number  of  substances  which  render  their  bactericidal  and 
bacteriostatic  effeots  on  spores  of  botulism  oulture  we  also  find 


phy  tone  idea .  8.3.  MATROZCYA  experimented  with  toast o  product*  and 
discovered  phytoncid**'  active  streets  on  botulism  cultur*.  Th* 
action  o£  to«ato  phytoncid**  d*p*nd*d  on  th*  content  therein  of 
dry  substances,  which  tended  to  combine  with  active  reaction  in 
a  aediua.  Th*  action  commenced  to  appear  with  the  pB  5.5  and  in- 
creaeed  noticeably  with  th*  decrease  of  pH  to  4.5. 

B.G.  MATK0ZO7A  disclosed  that  adding  toaato  paste  to  various 
vegetables  that  are  usually  served  aa  canned  foods  with  dinner 
diefaes  prevented  a  development  of  botulism  spores  therein.  Like¬ 
wise,  K.G.  1UTH0Z07A  initiated  experiments  with  vege table*  infec ted 
with  nonheated  eporee  of  Cl,  botulinua.  Subsequent  investigation* 
of  a  possibility  of  development  Cl.  botulinua  in  former  canned 
dinner  food*  were  carried  out  in  th*  microbiological  laboratory 

of  TSIIIXCP,  beginning  with  th*  none  ter  Hired  and  sterilised  beef 
• ) 

borsch  '  . 

Borsch  inoculated  with  Cl.  botulinua  eporee  (figure  3)  was 
heated  at  various  temperatures  and  durations  in  time.  Figure  3 
shows  that  heating  of  Cl.  botulinua  spore*  in  nonstarilized  and 
sterilised  borwch  actuated  th*  growth  of  botulism  culture  and  pro¬ 
duction  of  toxin  thsrsin. 

i 

A  dual  process  takss  placs  with  th*  heating  of  spores;  on* 
share  of  eporee  die*  away  and  the  other  one  becomes  activated.  It 
is  considered  that  the  duration  of  heating  at  which  a  maximum 
quantity  of  Cl.  botulinua  spores  can  be  detected  in  a  medium  is 
equal  to  0.233  minutes  at  104. 4°C  . 

• )  -  A  Russian  soup  of  several  ingredients  colored  with  red  beet 

juice. 
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Thus,  it  la  obvious  from  this  report  that,  if  botulism  sporse 
exist  Ln  ths  final  sicroficra  of  cs-omed  foods,  thsir  Intergrowth 
In  a  ready  product,  or  thsir  detection  by  inoculation  into  nutrient 
nsdia,  depends  on  many  factors,  which  must  be  taken  into  aocount 
In  connection  with  ths  microbiological  controls  In  the  canned  food 
industry. 
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Prlntsd  footnots:  Workers  in  industry,  building  construction  and 
transportation!  Implement  tne  eomplex  mechanization  and 
automation!  -  boldly  implant  isi  industry  our  achievements  in 
scisnos,  technology  and  in  advanced  experiments! 

(Appeal  of  ths  Central  Committee  of  the  Communist  Party  on  the 
45th  Anniversary  of  the  Greet  October  Revolution). 


